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Natural  autoantibodies  (NAAb)  have  a  role  in  maintaining  physiological  homeostasis  and  prevention  of
infections,  and  have  been  found  in  mammalian  species  tested  so  far.  Albeit  NAAb levels  rise with  age,
little  is known  about  the origin,  function,  regulation  and  initiation  of  NAAb  in young  animals.  The  present
study  addressed  the  presence  of  IgM  and  IgG NAAb  binding  glutamate  dehydrogenase  (GD),  carbonic
anhydrase  (CA),  myosin  (MYO)  and  transferrin  (TRANS)  from  before  drinking  colostrum  until  the  ﬁrst  12
weeks  of life  in plasma  of female  calves.  In addition,  NAAb to these  four  self-antigens  were  also  measured
in  colostrum  and  in plasma  of  their  mothers  during  three  weeks  before  calving.  Titers  of NAAb  binding
GD,  CA,  MYO  and  TRANS  were  detected  in plasma  of  cows  before  calving,  in  colostrum,  and  in plasma  of
calves  before  and  after  drinking  of  colostrum.  Levels  of  NAAb  in colostrum  were  positively  related  with
levels  of NAAb  in  plasma  of  cows.  Before  colostrum  intake,  levels  of  NAAb  in  plasma  of  calves  were  not
related  with  levels  of NAAb  in  plasma  of  their  mother  but  were  inﬂuenced  by  parity  of  their mother.
After  colostrum  intake,  levels  of NAAb  in  plasma  of calves  in the  ﬁrst  week  of  life  were  positively  related
with  levels  of  NAAb  in  colostrum.  Low  NAAb  levels  in  colostrum  were  related  with  low  NAAb  in plasma
of  calves  in the ﬁrst  week  of  life,  but after  two  weeks  of  life the  relation  between  colostrum  and  plasma
of calves  was  absent.  In conclusion,  NAAb  are  already  present  in  the  unborn  calf,  and  levels of  neonatal
NAAb  during  the  early  weeks  of life are  affected  by  levels  of  maternal  NAAb  obtained  via  colostrum.
©  2016  Elsevier  B.V.  All  rights  reserved.. Introduction
Natural antibodies (NAb) are a humoral part of innate immu-
ity (Matter and Ochsenbein, 2008; Vollmers and Brändlein, 2009),
nd have been proposed to be involved in preventing infection
nd maintenance of physiological homeostasis (Ehrenstein and
otley, 2010; Lutz, 2012). Natural antibodies are polyreactive with
ow afﬁnity binding with various antigens (Casali and Notkins,
989), and are present in healthy animals in the absence of anti-
en stimulation (Avrameas, 1991; Baumgarth et al., 2005). Natural
ntibodies have been divided into two classes: overt and cryp-
ic NAb. Overt NAb bind antigens that the individual has never
ncountered before, such as keyhole limpet hemocyanin (KLH).
ryptic NAb or so-called natural autoantibodies (NAAb) are anti-
∗ Corresponding author at: Adaptation Physiology Group, Department of Ani-
al  Science, Wageningen University, P.O. Box 338, 6700 AH Wageningen, the
etherlands.
E-mail addresses: novim001@gmail.com, henk.parmentier@wur.nl
N. Mayasari).
ttp://dx.doi.org/10.1016/j.vetimm.2016.07.001
165-2427/© 2016 Elsevier B.V. All rights reserved.bodies that bind to self-antigens or slightly changed self-antigens
(neo-epitopes). Natural autoantibodies are thought to be involved
in inactivation of cytokines, prevention of inﬂammation, clearance
of metabolic waste, perform various homeostatic roles within the
immune response (Cojocura et al., 2009), and have a role in the pre-
vention of autoimmunity (Nguyen et al., 2015). Antibodies binding
a variety of self-antigens such as myosin, thyroglobulin (Lutz et al.,
2009), heat shock proteins (Cohen, 2013), solubilized extracts of
histologically normal organs were found in humans (Stahl et al.,
2000) and in healthy calves (Khobondo et al., 2015). In dairy cows,
NAb binding exo-antigens (Ploegaert et al., 2011; Thompson-Crispi
et al., 2013; Mayasari et al., 2015) as well as self-antigens (Van
Knegsel et al., 2012) were described earlier. Little is known of the
routes that lead to the production of NAAb in healthy young indi-
viduals. It was proposed that NAAb may  arise by cross reactivity
with the intestinal microﬂora (Kamada et al., 2013), are initiated
by dietary compounds, directed to neo-epitopes (Lutz et al., 2009;
Lutz, 2012), rest on random VDJ recombination in B-cells main-
tained by self-antigens (Quintana and Cohen, 2004), or reﬂect levels
of maternal antibodies after consumption of colostrum or milk.
In dairy cows, maternal antibodies are not actively transferred
ogy and Immunopathology 178 (2016) 70–78 71
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Table 1
Distribution of cows, colostrum samples, plasma in cows and plasma of female calves
(before and after colostrum intake) across the dry period length.
n Dry period length
0 days 30 days 60 days
Cows in the experiments 167 56 55 56
Colostrum 138 44 45 49
Plasma of cows (before calving) 92 30 32 30
Plasma of female calves before 52 19 16 17N. Mayasari et al. / Veterinary Immunol
o the fetus before birth, but calves obtain maternal antibodies
assively from the dam through colostrum during the ﬁrst 24 h
f life. Thus, after ﬁrst colostrum intake antibody titers in calves
ikely reﬂect maternal antibody titers in colostrum during the ﬁrst
eeks of life until neonatal antibody production starts. Until start
f neonatal antibody production, adequate and sufﬁcient passive
mmune transfer of maternal antibodies via colostrum intake pro-
ides immune competence of calves, which is a prerequisite to
ower the risk of diseases and infections during the pre-weaning
eriod (Oliveira et al., 2010).
To our knowledge, little information is present about the pres-
nce of NAAb in colostrum and in plasma of calves before colostrum
ntake and the relation between NAAb levels in cows and their
alves during the early weeks of life. Earlier, we studied health
nd energy metabolism in cows with different dry period lengths.
mission of the dry period in dairy cows reduced NAb titers in
olostrum compared with cows with a short (30-d) or conventional
ry period (60-d) (Mayasari et al., 2015). Moreover, lower NAb titers
n colostrum were reﬂected by lower titers of NAb binding key-
ole limpet hemocyanin (KLH) and human serum albumin (HuSA)
n plasma of calves in the ﬁrst two weeks of life. No IgM and IgG
Ab binding KLH or HuSA were detected in plasma of calves before
olostrum intake. In the present study, we evaluated the level of
AAb to four self-antigens: glutamate dehydrogenase (GD), car-
onic anhydrase (CA), myosin (MYO) and transferrin (TRANS) in
lasma of calves before and after colostrum intake, and in plasma
nd in colostrum of their mother. Antibodies to those four self-
ntigens were found in plasma of dairy cows. Previous studies
eported that self-antibodies to GD (Schulz et al., 2014) and CA
Puscas et al., 2001) are related with metabolic and health disorders
n mammals. Cows with subclinical ketosis had higher non esteri-
ed fatty acid concentration and GD activation after calving (Schulz
t al., 2014). Carbonic anhydrase also functions in regulation of
H and ﬂuid balance (Badger and Price, 1994) as observed during
nﬂammation (Mihaylova et al., 2008). Another study reported that
AAb binding MYO  and TRANS in milk of cows were associated
ith sensitivity for mastitis (Van Knegsel et al., 2012). Myosin is
 ﬁbrous protein which has a role in muscle contraction (Schmitt,
968). Transferrin is a serum globulin which works in the com-
lexing and transport of iron (Crichton and Charloteauxwauters,
987).
In the current study, it was hypothesized that NAAb binding
D, CA, MYO  and TRANS are present in plasma of cows and in
olostrum, but absent in plasma of calves before colostrum intake.
oreover, if omission of the dry period in cows reduced NAb titers
n colostrum, NAAb titers in colostrum and in plasma of their calves
ay  be reduced as well. Moreover, the NAAb titers in plasma of
alves after colostrum intake are expected to reﬂect the NAAb titers
f their mother (in plasma and colostrum). The present study aimed
o evaluate NAAb to GD, CA, MYO  and TRANS in mother and calves
efore and after colostrum intake until 12 weeks of age and to study
elationships between these titers in mother, colostrum and the
alves.
. Materials and methods
.1. Experimental design, animals and rations
The Institutional Animal Care and Use Committee of Wagenin-
en University approved the experimental protocol. The regis-
ration number of the experimental protocol is 2010026. Blood
nd colostrum samples originated from an experiment that was
esigned to evaluate the effect of dry period length and ration com-
osition on health of cows and calves. The experimental design,
reatments of dry period lengths and ration composition in cowscolostrum intake
Plasma of female calves after
colostrum intake
63 23 19 21
were described earlier by Van Knegsel et al. (2014). In short,
Holstein-Friesian dairy cows (N = 167) were selected from the Dairy
Campus research herd (WUR Livestock Research, Lelystad, the
Netherlands) blocked according to parity, calving date, milk yield in
previous lactation and body condition score (BCS), and randomly
assigned to treatments. Treatment consisted of three dry period
lengths: 0, 30 or 60 days; and two lactation rations (glucogenic or
lipogenic ration). For the current study, female calves born to these
cows (n = 63) were monitored.
2.1.1. Management of cows
Cows were housed in a freestall with slatted ﬂoor and cubicles
and milked twice daily (at 0500 and 1630 h). Prepartum, dry cows
received a dry cow ration and lactating cows received a lactating
cow ration supporting 25 kg of milk per day. Forage was  supplied ad
libitum and consisted prepartum of grass silage, corn silage, wheat
straw and a protein source (rapeseed meal or soybean meal) in
a ratio of 39:25:25:11 (DM basis). Postpartum, forage consisted
of grass silage, corn silage, straw, and a protein source (rapeseed
meal or soybean meal) in a ratio 51:34:2:13 (DM basis). From d 10
before expected calving onwards, cows of all treatments were fed
1 kg/d glucogenic or lipogenic concentrate and increased postcalv-
ing stepwise with 0.5 kg/d until the concentration supply reached
8.5 kg/d. Main ingredient for glucogenic concentrate was corn and
main ingredients for lipogenic concentrate were sugar beet pulp,
palm kernel, and rumen protected palm oil. Concentrate and forage
were supplied separately.
2.1.2. Colostrum sampling and management of calves
Colostrum sampling and management of the calves were
described earlier (Mayasari et al., 2015). Distribution of cows,
colostrum sampling, plasma samples of cows, plasma samples of
female calves before and after colostrum intake across dry period
length treatments group are shown in Table 1. Colostrum was col-
lected and weighed immediately after calving from each quarter of
mammary gland and pooled in one sample per cow. Calves received
the colostrum from their mother via an artiﬁcial teat. Colostrum
samples (n = 138; 10 ml)  obtained after parturition were agitated
and stored at −20 ◦C, until analysis.
Immediately after birth, calves were removed from the dam.
When calves were born between 10.00 p.m. and 05.00 a.m. (n = 42),
calves were removed from the dam at 05.00 a.m. Calves were
weighed and within 24 h of life, they received four liter of colostrum
in two  portions from their mother. After 24 h after birth, female
calves were fed with milk replacer (crude protein 22% and fat 17%)
(two times a day two liter). After two  days, calves were moved to the
calf raising farm and were also fed milk replacer twice a day, until
60-d of life. After the ﬁrst week of life, all calves were fed the same
mixture of hay and grains (Agriﬁrm Feed, the Netherlands) based on
requirements for preweaned Holstein calves. At 60-d of life, calves
were weaned from milk replacer. From 60-d of life calves received a
diet based on requirement for weaned Holstein calves. During ﬁrst
two weeks of life, calves were housed in individual hutches located
7 ogy an
a
g
f
a
d
t
p
h
o
a
1
b
w
r
(
2
m
t
f
i
a
l
G
a
a
t
2
o
a
m
(
b
(
r
t
c
c
B
a
r
P
I
s
b
p
r
f
S
e
c
e
m
2
p
w
o2 N. Mayasari et al. / Veterinary Immunol
pproximately 60 cm apart. After two weeks, calves were kept in
roups of six to eight calves with straw bedding. Body weight of
emale calves was recorded at birth and in week 2, 4, 6, 8, 10 and 12
fter birth and reported earlier (Mayasari et al., 2015). Disease inci-
ences and treatments of the female calves were recorded during
he ﬁrst 12 weeks of life.
In an earlier study, we evaluated the effect of maternal dry
eriod on speciﬁc antibody responses (SpAb) to keyhole limpet
emocyanin (KLH) and human albumin serum (HuSA) in plasma
f calves (Mayasari et al., 2015). Therefore, calves received primary
nd secondary immunizations with KLH and HuSA in week 6 and
0, respectively. Brieﬂy, after 6 weeks of life, primary SpAb titers
inding KLH and HuSA did not differ between calves from cows
ith different dry period lengths. However, secondary antibody
esponses were enhanced in calves from cows with a 0-d dry period
Mayasari et al., 2015).
.2. Blood sampling
For cows, blood samples were taken from the tail vain for NAAb
easurement (n = 92 cows), weekly from week −3 till −1 relative
o calving. For calves, blood samples were taken from jugular vein
or NAAb measurement at several time points: before colostrum
ntake (n = 52), after colostrum intake at day two (after 24 h) (n = 59)
nd every Wednesday in weeks 1, 2, 4, 6, 7, 8, 10, 11, and 12 of
ife (n = 63). Blood samples were taken in Vacutainer tubes (10 ml;
reiner Bio-One GmbH, Kremsmunster, Austria) containing hep-
rin as anticoagulant. Blood samples were centrifuged at 3000g
t 4 ◦C, for 15 min  within two hours after collection. Plasma was
ransferred and stored at −20 ◦C until analysis.
.3. Analysis of NAAb in plasma of cows, colostrum, and plasma
f calves
Titers of NAAb binding the four self-antigens GD, CA, MYO
nd TRANS in plasma of calves and cows and in colostrum were
easured by an indirect enzyme-linked immunosorbent assay
ELISA) technique as outlined by Van Knegsel et al. (2012). In
rief, plates were coated with 4 g/ml of GD (G7882, Sigma), CA
C3934, Sigma), MYO  (M0531, Sigma) or TRANS (T1408, Sigma),
espectively, in 100 l/well. Natural autoantibodies of the IgG iso-
ype were detected either using 1:20,000 (cow) or 1:40.000 (calf,
olostrum) diluted sheep polyclonal anti-bovine IgG-heavy chain
onjugated to horseradish peroxidase (PO) (Cat. No. E10-118P,
ethyl). Natural autoantibodies of the IgM isotype in plasma of cows
nd calves and in colostrum were detected using 1:20,000 diluted
abbit polyclonal anti-bovine IgM-whole molecule conjugated to
O (Cat. No. A10-100P, Bethyl). Four step serial dilutions for both
gG and IgM in colostrum and in plasma samples of cows and calves
tarted at 1:40. After washing, a substrate containing tetra methyl
enzidine (Sigma Aldrich Chemie, Steinheim, Germany) and 0.05
ercent hydrogen peroxide was added, and incubated for 10 min  at
oom temperature. The reaction was stopped by adding 1.25 M sul-
uric acid. Extinctions were measured with a Multiskan reader (Lab
ystems, Helsinki, Finland) at a wavelength of 450 nm.  Titers were
xpressed as log 2 values of the dilutions that gave an extinction
losest to 50% of Emax, where Emax represents the highest mean
xtinction of a standard positive (pooled) serum present on every
icrotiter plate (Ploegaert et al., 2007).
.4. Statistical analysesAll data of NAAb titers in cows (plasma and colostrum) and in
lasma of calves approximated normality of residuals by examining
hether skewness and kurtosis were in a range of −2 until 2. More-
ver, the data was analysed using PROC MIXED in SAS 9.2 (SAS Inst.d Immunopathology 178 (2016) 70–78
Inc. Cary, NC). The NAAb titers for IgG and IgM binding GD, CA, MYO
and TRANS in plasma of cows before calving were analysed with dry
period length (0, 30 or 60 days), parity (1, 2 or >2), week (week −3
till −1 relative to calving), and their 2 way-interactions included as
ﬁxed effect. Cow was considered as the repeated subject. A ﬁrst
order auto-regressive [AR(1)] variance-covariance structure was
the best ﬁt according to Akaike’s corrected information criterion
(Model 1). The NAAb titers for IgG and IgM binding GD, CA, MYO
and TRANS in colostrum and in plasma of calves before colostrum
intake were analysed with dry period length (0, 30 or 60 days), par-
ity of the cow (2, 3 or >3) and their 2-way interaction included as
ﬁxed effect (Model 2).
The NAAb titers for IgG and IgM binding GD, CA, MYO  and TRANS
after colostrum intake (week 0 until 6) and speciﬁc antibody titers
after primary (week 6 until 10) and secondary immunization (week
10 until 12) in plasma were analysed with dry period length (0, 30
or 60 days), parity (2, 3 or >3), week (1, 2,.  . . or 12) and their 2-
way interactions included as ﬁxed effects. Calf was  considered as
the repeated subject. A ﬁrst order auto-regressive [AR(1)] variance-
covariance structure was  determined to be the best ﬁt according
to Akaike’s corrected information criterion (Model 3). To compare
dry period length effects, P-values are presented after a Bonferroni
adjustment. Values are presented as least squares means (LSMs)
with their pooled standard errors of the mean (SEMs), unless oth-
erwise stated. Preliminary result showed primary and secondary
immunization (in week 6 and 10, respectively) of KLH and HUSA
did not affect the titers for IgG and IgM binding GD, CA, MYO  and
TRANS.
To assess the relationship between NAAb titers in plasma of
cows with NAAb titers in colostrum or with NAAb titers in plasma of
female calves (before and after colostrum intake), the average NAAb
of the cows was  included as continuous variable in model 2 with all
2-way interactions (Model 4). Model 4 was  applied for four different
time periods and the availability of plasma in cows and their female
calves; (1) titers before colostrum intake (naïve calves) (n = 27), (2)
titers after colostrum intake at day two (after 24 h) (n = 32), (3) the
average titers in weeks 1 and 2 (n = 34), and (4) the average titers
in weeks 4 till 12 of life (n = 34). Preliminary analysis showed there
was no interaction between NAAb titers in cows and dry period
length, therefore this interaction was excluded from the model.
To assess the relationship between NAAb titers in colostrum with
NAAb titers in plasma of calves after colostrum intake, the NAAb
titers in colostrum was  included as continuous variable in model 3
with all 2-way interactions (Model 5). The regression coefﬁcients
() from the statistical model and the P-value corresponding to the
 are displayed.
3. Results
Natural autoantibody (NAAb) titers for isotypes IgG and IgM
binding glutamate dehydrogenase (GD), carbonic anhydrase (CA),
myosin (MYO), and transferrin (TRANS) were detected in plasma of
cows before calving (Table 2), in colostrum (Fig. 1) and in plasma
of calves before and after colostrum intake (Fig. 2 and Table 3)
3.1. Natural autoantibodies in plasma of cows before calving
(Model 1)
From week 3 till 1 before calving, cows with a 30-d dry period
had higher plasma titers of IgG binding GD and IgM binding CA
compared with cows with a 60-d dry period (Table 2). There was a
dry period length x week interaction for titers of IgG binding GD and
CA (P < 0.05). Cows with a 60-d dry period had lower IgG binding
GD or CA one week before calving compared with week two  or
three before calving (GD; 8.2 vs. 8.0 vs. 7.3 ± 0.03, CA; 6.3 vs. 6.0 vs.
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Table  2
Plasma natural autoantibody titers (IgG and IgM) binding glutamate dehydrogenase (GD), carbonic anhydrase (CA), myosin (MYO), and transferrin (TRANS) in plasma of dairy
cows  with different dry period lengths (0, 30 or 60 days) during the precalving period* (LSM ± pooled SEM).
Item Dry period length SEM P-values **
0 30 60 Dry period Parity Week* D × P D × W
Cows (n = 92) 30 32 30
NAAb IgG-GD1 8.09ab 8.67b 7.81a 0.23 0.03 0.39 0.05 0.88 0.01
NAAb  IgM-GD1 6.33 6.67 6.35 0.15 0.18 0.41 0.75 0.61 0.30
NAAb  IgG-CA1 6.14 6.45 5.94 0.18 0.12 0.71 <0.01 0.93 0.03
NAAb  IgM-CA1 6.02a 6.49b 6.01a 0.15 0.03 0.01 0.35 0.11 0.58
NAAb  IgG-MYO1 6.20 5.88 5.71 0.24 0.34 0.96 0.90 0.91 0.08
NAAb  IgM- MYO1 6.20 6.57 6.30 0.20 0.38 0.63 0.38 0.31 0.11
NAAb  IgG-TRANS1 4.82 4.89 4.78 0.19 0.93 0.94 <0.01 0.08 0.30
NAAb  IgM- TRANS1 6.51 6.72 6.64 0.15 0.64 0.05 <0.01 0.27 0.21
a,b Values within dry period length in the same row with different superscripts differ (P <0.05).
* Week −3, −2, and −1 relative to calving.
** D = dry period; P = parity (1, 2 and >2); W = week (−3 till −1 relative to calving); 1Antibody names are combination of natural autoantibody (NAAb), antigen abbreviation
(GD,  CA, MYO or TRANS) and immunoglobulin isotype (IgG or IgM).
Fig. 1. Natural autoantibodies titers (Log 2) for isotype IgG (A) and IgM (B) titers binding glutamate dehydrogenase (GD), carbonic anhydrase (CA), myosin (MYO) and
transferrin (TRANS) in colostrum from dairy cows with different dry period lengths (0, 30 or 60 days) (Means ± SEM). a,b,c Values between dry period length with different
superscripts differ (P < 0.05).
Table 3
Plasma natural autoantibody titers (IgG and IgM) binding glutamate dehydrogenase (GD), carbonic anhydrase (CA), myosin (MYO), and transferrin (TRANS) in plasma of
female  calves from cows with different dry period lengths (0, 30 or 60 days) before colostrum intake and after colostrum intake till week 6 of life (LSM ± pooled SEM).
Item Dry period length SEM P-values*
0 30 60 Dry period Parity Week D x P D x W
Calves before colostrum intake (n = 52) 19 16 17
NAAb IgG-GD1 6.09 5.66 5.85 0.39 0.73 0.08 NA 0.99 NA
NAAb IgM-GD1 1.33 1.43 1.71 0.29 0.62 0.04 NA 0.79 NA
NAAb IgG-CA1 2.44 2.15 2.21 0.56 0.93 0.38 NA 0.13 NA
NAAb IgM-CA1 1.02 1.52 1.41 0.34 0.54 0.37 NA 0.53 NA
NAAb IgG-MYO1 2.91 3.26 3.91 0.65 0.55 0.35 NA 0.22 NA
NAAb IgM- MYO1 2.89 3.16 3.30 0.43 0.78 0.01 NA 0.46 NA
NAAb IgG-TRANS1 1.56 1.59 1.17 0.34 0.64 0.57 NA 0.76 NA
NAAb IgM- TRANS1 2.30 3.32 2.93 0.46 0.28 0.19 NA 0.72 NA
Calves after colostrum intake (n = 63) 23 19 21
NAAb IgG-GD1 3.86a 4.47ab 5.06b 0.25 <0.01 0.16 <0.01 0.80 <0.01
NAAb IgM-GD1 5.24a 5.74b 6.06b 0.17 <0.01 0.20 <0.01 0.25 <0.01
NAAb IgG-CA1 3.82a 4.81b 5.18b 0.21 <0.01 0.71 <0.01 0.21 <0.01
NAAb IgM-CA1 4.68a 5.29b 5.36b 0.17 0.01 0.10 <0.01 0.17 0.01
NAAb IgG-MYO1 4.67a 5.53a 5.93b 0.39 0.06 0.54 <0.01 0.41 0.02
NAAb IgM- MYO1 5.96a 6.46b 6.84b 0.16 <0.01 0.36 <0.01 0.45 <0.01
NAAb IgG-TRANS1 1.65a 2.13b 2.44b 0.16 <0.01 0.80 <0.01 0.72 <0.01
NAAb IgM- TRANS1 4.25a 5.30b 5.86b 0.21 <0.01 0.80 <0.01 0.44 <0.01
a,b Values within dry period length in the same row with different superscripts differ (P<0.05).
* D = dry period, P = parity (2, 3 and >3), W = week (1, 2,.,6 weeks of life), NA = not applicable.
1 Antibody names are combination of natural autoantibody (NAAb), antigen abbreviation (GD, CA, MYO  or TRANS) and immunoglobulin isotype (IgG or IgM).
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Cig. 2. Plasma natural autoantibodies (IgG and IgM) titers binding glutamate dehy
ransferrin (TRANS; G and H) of calves at birth (before colostrum intake), after drink
re  means (±SEM) per dry period length (DPL) per week (W). * P-value < 0.05..5 ± 0.2 for weeks −3 vs. −2 vs. −1). Cows with a 0-d dry period or
ows with a 30-d dry period had no difference of IgG binding GD or
A titers between different weeks prepartum. Titers of IgM bindingnase (GD; A and B), carbonic anhydrase (CA; C and D), myosin (MYO; E and F) and
ostrum from cows with three different dry period lengths (0, 30, or 60 days). ValuesCA and IgM binding TRANS decreased with parity (CA; 6.5 vs. 6.3
vs. 5.8 ± 0.1, TRANS 6.9 vs. 6.5 vs. 5.4 ± 0.1 for parity 1 vs. 2 vs. >2,
respectively).
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.2. Natural autoantibodies in colostrum (Model 2)
Cows with a 0-d dry period had lower titers for both IgM and IgG
AAb binding GD, CA, MYO  and TRANS in colostrum compared with
ows with a 30-d or 60-d dry period (Fig. 1). A dry period length x
arity interaction was present for both titers of IgM binding GD and
A (P < 0.05). Older cows (parity ≥3) had higher titers of IgM binding
D and CA when cows had 0-d dry period compared with younger
ows (GD; 4.4 vs. 5.4 vs. 5.8 ± 0.4 CA; 4.0 vs. 5.3 vs. 5.3 ± 0.5 for
arity 2 vs. 3 vs. >3, respectively). Contrary, older cows had lower
iters of IgM binding GD and CA when cows had a 60-d dry period
ompared with younger cows (GD; 7.9 vs. 7.5 vs. 7.3 ± 0.3 CA; 8.1
s. 7.4 vs. 7.4 ± 0.3 for parity 2 vs. 3 vs. >3, respectively).
.3. Natural autoantibodies in plasma of calves before colostrum
ntake (Model 2)
Natural autoantibodies for both isotypes (IgG and IgM) binding
D, CA, MYO  and TRANS were detected in plasma of calves at birth
efore colostrum intake (Fig. 2 and Table 2). Dry period length of
he mother did not affect NAAb titers in calves before colostrum
ntake. Before colostrum intake, calves from younger cows had
igher titers of IgM binding GD and MYO  in plasma compared with
alves from older cows (GD; 2.1 vs. 1.1 vs. 1.3 ± 0.1, MYO; 4.2 vs.
.7 vs. 2.4 ± 0.1 for parity 1 vs. 2 vs. >2, respectively, P < 0.05).
.4. Natural autoantibodies in plasma of calves after colostrum
ntake (Model 3)
After colostrum intake (week 1) until immunizations of KLH and
uSA at week 6 of life, NAAb for isotypes IgG and IgM binding GD,
A, MYO  and TRANS in plasma of calves were affected by dry period
reatment of the mother especially in the ﬁrst two weeks of life
Fig. 2). Primary and secondary immunizations of KLH and HuSA
n week 6 and 10 of life did not affect NAAb titers for IgG and IgM
inding GD, CA, MYO  or TRANS in plasma of calves. After colostrum
ntake (week 1) until 6 weeks of life, calves from cows with a 0-
 dry period had lower NAAb IgG and IgM binding GD, CA, MYO
nd TRANS in plasma compared with calves from cows with a 60-d
Table 2). Calves from cows with a 30-d dry period had no difference
n IgM and IgG NAAb titers binding GD, CA, MYO  or TRANS in plasma
ompared with calves from cows with a 60-d dry period, except for
gG binding MYO. From week 1 until 6 of life, NAAb for isotypes IgG
nd IgM binding GD, CA, MYO  and TRANS in plasma of calves were
ffected by dry period and week interaction.
.5. Relationship between NAAb titers in plasma of cows and
AAb titers in colostrum and in plasma of calves before colostrum
ntake (Model 4)
NAAb titers (IgG and IgM) binding GD, CA, MYO  and TRANS in
lasma of cows before calving were all positively related with NAAb
iters (IgG and IgM) binding GD, CA, MYO  and TRANS in colostrum
Table 4). There were no relationships between NAAb titers to four
elf-antigens in plasma of cows before calving with NAAb titers to
our self-antigens in plasma of their calves before colostrum intake.
.6. Relationship between NAAb titers in plasma of cows and
AAb titers in plasma of calves after colostrum intake (Model 4)
Titer of IgG binding CA in plasma of calves after colostrum intake
t day two was positively related with titer of IgG binding CA in
lasma of cows (Table 4). The other titers were not correlated. In
eeks one and two after birth, titers of IgG binding GD, CA and
RANS in plasma of calves were positively related with titers of IgG
inding GD, CA and TRANS in plasma of cows. However, NAAb titersd Immunopathology 178 (2016) 70–78 75
in plasma of calves from week 4 until 12 of life were not related with
NAAb titers in plasma of cows.
3.7. Relationship between NAAb titers in colostrum and in plasma
of calves after colostrum intake (Model 5)
Titers of NAAb (IgG and IgM) binding GD, CA, MYO  and TRANS in
colostrum correlated positively with titers of NAAb (IgG and IgM)
binding GD, CA, MYO  and TRANS in plasma of calves after colostrum
intake (at day two) (Table 5). No relations were found between
NAAb titers present in colostrum and NAAb titers in plasma of
calves after two  weeks of life.
4. Discussion
In the present study IgM and IgG antibodies binding four self-
antigens: GD, CA, MYO  and TRANS, were detected in plasma of cows
before calving, in colostrum, and in plasma of their calves both
before and after colostrum intake. Previous studies showed that
antibodies reacting to self-antigens can be found in plasma and
milk from healthy non-immunized dairy cows (Van Knegsel et al.,
2012) and in plasma from calves of 20–26 of weeks old (Khobondo
et al., 2015). Together, these ﬁndings show that NAAb are present
in young and old dairy cows.
The present study showed that NAAb of both antibody isotypes
(IgG and IgM) binding GD, CA, MYO  and TRANS were present in
plasma of calves before colostrum intake. Earlier, NAb binding the
exo-antigens KLH and HuSA were found in plasma from calves after
colostrum intake but not before colostrum intake (Mayasari et al.,
2015). The study of Mayasari et al. (2015) suggested that NAb bind-
ing exo-antigens during the ﬁrst weeks of life depend on maternal
transfer via colostrum and subsequent sensitization to environ-
mental antigens, whereas the current study suggest that NAAb
may be already initiated by self-antigens during the fetal phase.
Knowledge of origin, induction and transfer of NAAb is scarce.
The presence of NAAb may  reﬂect cross reactivity to microbiota
(Kamada et al., 2013), or represent idiotypes either initiated or
maintained by self-antigens, or alternatively initiated and main-
tained by maternal antigens transferred from the mother to the
fetus. The presence of NAAb in antigen-free mice (Haury et al.,
1997), in human fetal cord blood (Lacroix-Desmazes et al., 1998)
and in plasma from calves before colostrum intake (this study)
suggest that NAAb do reﬂect auto-responsiveness. In fetal calf’s,
lymph nodes IgM+ cells are present at 60 days in gestation, and
from day 130 plasma immunoglobulins are found (Schultz et al.,
1973). It is tempting to speculate that auto-antigens in the fetus
are involved in the production of auto-antibodies. VDJ recombi-
nations and somatic mutations provide a large degree of antigen
receptor diversiﬁcation that is required to combat infections, but
as a consequence high levels of autoimmune B cells are found in
healthy humans (Wardemann and Nussenzweig, 2007) indicating
that yet to be identiﬁed mechanisms prevent auto-immune dis-
eases. In addition, repeated immunizations with exo-antigens in
this study did not affect NAAb levels in the calves. This study con-
ﬁrms previous studies in man  that NAAb binding auto-antigens like
DNA, hormones, histones, enzymes, receptors, major histocompat-
ibility antigens, and intercellular matrix components are present
in healthy individuals (Poletaev and Osipenko, 2003) even with-
out any challenges and even without transfer of passive maternal
antibodies via colostrum or intrauterine IgG transfer (Madi et al.,
2009).In the current study, titers of NAAb binding GD, CA, MYO  and
TRANS increased in plasma of calves after colostrum intake. A week
after colostrum intake the levels of NAAb in plasma decreased in all
calves, but especially in calves that received colostrum with lower
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Table  4
Relationship between the average titers of natural auto antibodies (NAAb) binding glutamate dehydrogenase (GD), carbonic anhydrase (CA), myosin (MYO), and transferrin
(TRANS) in plasma of cows before calvinga with NAAb in colostrum, NAAb in plasma of calves before colostrum intake and after colostrum intakeb. Values represent regression
coefﬁcients () and P-value.
nd Cows (week −3 until −1 relative to calving)a,c
IgG GD IgM GD IgG CA IgM CA IgG MYO  IgM MYO  IgG TRANS IgM TRANS
Colostrum 74 0.454(0.01) 0.364(0.02) 0.388(0.02) 0.570(<0.01) 0.846(<0.01) 0.482(<0.01) 0.533(<0.01) 0.467(0.01)
Calves (before colostrum intake) 26 0.541(0.09) −0.403(0.26) −0.805(0.13) −0.376(0.20) −0.189(0.50) 0.131(0.71) −0.466(0.07) 0.297(0.42)
Calves (after colostrum intake at day 2) 32 0.220(0.42) 0.336(0.31) 0.690(0.05) 0.531(0.09) 0.393(0.11) 0.325(0.13) 0.364(0.07) 0.702(0.09)
Calves (week 1–2 weeks of life) 34 0.360(0.05) 0.168(0.41) 0.482(0.04) 0.012(0.96) 0.193(0.24) 0.029(0.82) 0.243(0.02) 0.363(0.11)
Calves (4–12 weeks of life) 34 −0.134(0.46) 0.126(0.54) 0.192(0.35) −0.077(0.69) −0.090(0.51) 0.099(0.32) 0.128(0.30) −0.074(0.68)
a NAAb titers in plasma of cows are the average titer in weeks −3 till −1 relative to calving.
b Calves were classiﬁed based on weeks to NAAb (titer before colostrum intake, titer after colostrum intake at day 2 (after 24 h), the average titer in the ﬁrst 2 weeks (week
1  and 2) and the average titer in weeks 4 till 12 of life).
c Antibody names are combination of natural autoantibody (NAAb), antigen abbreviation (GD, CA, MYO, or TRANS) and immunoglobulin isotype (IgG or IgM).
d Samples available in plasma of cows and colostrum (n = 74, 0-d = 21; 30-d = 25 and 60-d = 28) and in calves (in several time points: plasma of calves before colostrum
intake (n = 26, 0-d = 8; 30-d = 10 and 60-d = 8), plasma of calves after colostrum intake (at day 2) (n = 32, 0-d = 11; 30-d = 10 and 60-d = 11), plasma of calves after colostrum
in  week 1 and 2, plasma of calves after colostrum intake from week 4 till 12 (n = 34, 0-d = 12; 30-d = 11 and 60-d = 11).
Table 5
Relationship between the average of natural auto antibodies (NAAb) binding glutamate dehydrogenase (GD), carbonic anhydrase (CA), myosin (MYO), and transferrin (TRANS)
in  colostrum and in plasma of calves after drinking colostrum. Values represent regression coefﬁcient () and P-value.
n Colostrum
IgG GD IgM GD IgG CA IgM CA IgG MYO IgM MYO  IgG TRANS IgM TRANS
Day 2 50 0.658(<0.01) 0.600(<0.01) 0.570(<0.01) 0.519(<0.01) 0.270(<0.01) 0.557(0.02) 0.506(<0.01) 0.717(<0.01)
Week 1 49 0.568(<0.01) 0.082(0.51) 0.430(<0.01) 0.104 (0.32) 0.477(0.04) 0.176(0.13) 0.309(<0.01) 0.250(0.09)
Week 2 51 0.481(<0.01) 0.223(0.03) 0.224(0.06) 0.030(0.75) 0.281(0.21) 0.140(0.08) 0.261(<0.01) 0.312(0.02)
Week 4 50 0.205(0.14) −0.009(0.94) 0.116(0.32) 0.032(0.75) 0.029(0.92) −0.084 (0.40) 0.105(0.36) −0.062(0.68)
Week 6 51 0.180(0.29) 0.286(0.05) 0.229(0.05) 0.209(0.08) 0.110(0.67) 0.142 (0.17) 0.146(0.27) 0.080(0.60)
Week 7 49 0.126(0.35) 0.245(0.07) 0.152(0.19) 0.178(0.14) 0.117(0.45) 0.098 (0.28) 0.218(0.10) −0.017(0.92)
Week 8 51 0.130(0.30) 0.114(0.27) 0.138(0.17) 0.106(0.23) 0.133(0.62) 0.115(0.17) 0.086(0.39) 0.006(0.96)
Week 10 51 0.071(0.55) −0.063(0.58) 0.037(0.71) −0.038(0.66) 0.035(0.89) 0.009(0.91) 0.046(0.49) −0.051(0.55)
Week 11 51 0.065(0.61) −0.020(0.82) 0.142(0.12) 0.068(0.40) −0.045(0.85) 0.020(0.79) 0.041(0.46) −0.030(0.71)
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Antibody names are combination of natural autoantibody (NAAb), antigen abbrev
evels of IgG binding GD and CA, and IgM binding TRANS, i.e. from
ows with a 0-d dry period. Natural autoantibody titers for calves
rom cows with a 0-d dry period were speciﬁcally lower immedi-
tely after colostrum intake and in week one, but after four weeks
he differences in titers between the three groups of calves were
bsent, suggesting an increased production of NAAb to GD, CA,
YO  and TRANS in calves from cows with a 0-d dry period. Ear-
ier we suggested that the lower NAb titers in plasma in the ﬁrst
wo weeks of life of calves, which were born from cows with a 0-d
ry period, were likely caused by lower immunoglobulin content
n colostrum (Mayasari et al., 2015). Moreover, in this earlier study
Ab titers in plasma of calves from cows with a 0-d dry period
ncreased more between weeks two and six of age, compared with
alves from cows with a 30-d or 60-d dry period. In the current
tudy, there was no difference in the level of antibodies against
elf-antigens for calves from cows with a 30-d dry period, compared
ith calves born to cows a 60-d dry period. This is in line with the
arlier study that calves born to cows with a 30-d dry period had no
ifferences in antibodies against exo-antigens in plasma compared
ith calves born to cows with a 60-d dry period (Mayasari et al.,
015). Together, these ﬁndings suggest that the dynamics of NAAb
inding GD, CA, MYO  and TRANS in plasma of calves after colostrum
ntake were similar with the dynamics of NAb binding exo-antigens
n calves after colostrum intake. Calves from cows with a 0-d dry
eriod had lower NAb or NAAb in the ﬁrst two weeks of life but
ventually they had similar titers of NAb or NAAb from six weeks
f life onwards.In the current study, NAAb for isotypes IgG and IgM binding
our autoantigens in plasma of calves increased after colostrum
ntake, except for IgG binding GD. We  have no explanation for
ifferent behavior of IgG binding GD. Our observation suggested48) −0.002(0.99) −0.110(0.27) 0.323(0.01) −0.100(0.37)
 (GD, CA, MYO, or TRANS) and immunoglobulin isotype (IgG or IgM).
that calves already have NAAb before colostrum intake, which is
markedly affected by colostral NAAb, but the level of IgG binding
GD titers decreased very fast within a week after calves produced
NAAb themselves. Since after a few weeks there were no differ-
ences anymore between the calves, it is questioned, whether NAAb
have a speciﬁc function in colostrum and are selectively transfer to
plasma. In addition, it is also questioned whether NAAb are waste
products in the colostrum since calves seem to be able to make
NAAb by themselves. A sudden increase in maternal antibodies
may  result in a response of the calf to get rid of IgG binding GD
but this is all very speculative. A previous study showed that the
mechanisms of low levels of antibodies in plasma after colostrum
intake were either antigen speciﬁc or non-antigen speciﬁc (Banks,
1982). Another study showed that the concentration of colostral
antibodies absorbed, the half-life of each class (isotypes) and the
catabolism rate of each isotype determined the level of antibodies
in plasma of calves (Murphy et al., 2014).
The low NAAb titers and subsequent higher increase in NAAb
levels in calves from the 0-d dry period treated cows are in line
with earlier studies which reported a negative relation between
NAb and antibody responses following vaccination or immuniza-
tion (Sinyakov and Avtalion, 2009). In man, colostrum of healthy
mothers contains a broad spectrum of IgA (Pribylova et al., 2012;
Quan et al.,1997) and IgM (Vassilev and Veleva, 1996) binding var-
ious autoantigens, which may  modulate or supplement neonatal
innate immunity (Pribylova et al., 2012). On the other hand, mater-
nal antibodies, apart from protection of neonates to infection, also
perform long term self-perpetuating imprinting of the neonatal B-
cell repertoire by preventing development of activated self-reactive
B cells by masking cross-reactive self during infections (Fink et al.,
2008).
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In our study, age (parity) of the mother affected the level of
AAb in plasma of calves before colostrum intake. Older cows with
o dry period compared with young cows had lower IgM NAAb
iters in plasma and they had higher IgM NAAb in colostrum. A
revious study reported that old and young cows had no differ-
nces in NAAb in plasma or milk (Van Knegsel et al., 2012). Other
tudies reported that older cows had higher NAb titers binding exo-
ntigens like KLH and HuSA in colostrum than young cows (Muller
nd Ellinger, 1981; Pritchett et al., 1991; Mayasari et al., 2015). The
resent study is not in line with Conneely et al. (2013) who sug-
ested that older cows have higher antibody levels because they are
ikely to be exposed more to a greater number of antigens in their
ife (Larson et al., 1980). Low NAAb in plasma of cows may  result
rom transfer of antibodies from blood to colostrum. Furthermore,
gM NAAb in plasma of calves before colostrum intake were lower
n plasma of calves from older cows. In man, several genes (e.g. VH
enes) encoding some NAAb in the mother were shown to predom-
nate in the newborn (Lacroix-Desmazes et al., 1998). In mice, the
evel of IgM binding self-antigens was high in plasma during fetal
evelopment and in newborns (Nobrega et al., 1996). Yet, we  have
o explanation how parity of the cows may  affect the level of NAAb
n plasma of their calves, because cows do not transfer antibodies
o the fetus. Therefore, it is tempting to speculate that the level
f NAAb in plasma of naïve calves may  represent a health status
iomarker of themselves or their mother.
To our best knowledge, this is the ﬁrst study presenting the rela-
ionship between cows (plasma and colostrum) and their calves
uring the ﬁrst weeks of life with respect to NAAb. In the current
tudy, omitting the dry period resulted in lower levels of IgM bind-
ng CA in plasma of cows three weeks before calving and lower
evels of IgG and IgM binding GD, CA, MYO  or TRANS in colostrum
ompared with cows with a 30-d or a 60-d dry period. Earlier
tudies (Rastani et al., 2005; Verweij et al., 2014; Mayasari et al.,
015) reported that omission of the dry period reduced colostrum
mmunoglobulin contents and reduced NAb levels in colostrum at
ay of calving (Mayasari et al., 2015). Although titers of NAAb were
etected in plasma of calves immediately after birth, the titers of
AAb in plasma of the calves before colostrum intake had no cor-
elations with the averages of NAAb in plasma of their mother. The
AAb titers in plasma of calves increased directly after colostrum
ntake indicating that the high plasma NAAb titers in calves imme-
iately after colostrum intake are likely derived from colostrum
Srinivasan et al., 1999). The levels of NAAb in plasma of calves
uring the ﬁrst week of life were positively correlated with the
evel of NAAb in colostrum. This suggests that the level of anti-
odies in plasma of calves during the ﬁrst weeks of life reﬂect
he level of antibodies in colostrum and plasma of their moth-
rs. It is suggested that Fc receptor mediated transfer for IgG and
gM (Lascelles, 1979; Hurley and Theil, 2011) has a role in trans-
erring antibodies from plasma to colostrum and milk in dairy
ows (Kacskovics et al., 2000). The level of NAAb in colostrum
ad no relation with the levels of NAAb in plasma of calves after
wo weeks of life. Low NAAb levels after colostrum intake coin-
ided with a faster increase of NAAb levels within three till four
eeks after birth. Thus, dry period treatment of cows had tempo-
ary transgenerational effects on calves. Similar with the increase
f NAb to exo-antigens (Mayasari et al., 2015), calves may  build
p their own  immune repertoire after the ﬁrst two  weeks of life
egardless of their mother. In humans, high titers of NAAb binding
elf-antigens in plasma of the mother might reduce the incidence
f diseases of their offspring (Tzioufas and Routsias, 2010). Our
ata indicate that the two weeks period in which calves received
ess colostrum from (0-d dry period) mothers did not result in
nhanced disease sensitivity during the 12 weeks observation
eriod.d Immunopathology 178 (2016) 70–78 77
5. Conclusions
In conclusion, IgG and IgM antibodies binding GD, CA, MYO
and TRANS were detected in plasma of cows before calving, in
colostrum and in plasma of calves before and after colostrum
intake. The level of NAAb in plasma of calves before colostrum
intake was  not affected by the level of NAAb of their mother but
were affected by parity of their mothers. After colostrum intake,
calves from cows with no dry period (i.e. receiving the lower
amount of maternal NAAb after drinking) had a rapid increase in
NAAb to similar levels as the other calves. Our data indicate that;
(1) low levels of maternal NAAb in colostrum affect production of
neonatal NAAb positively and (2) independent of dry period length,
healthy calves reach a speciﬁc level of NAAb from six weeks of age.
Future studies should reveal the consequences of low or high lev-
els of (other) NAAb from either neonatal or maternal of origin on
disease sensitivity of calves later in life.
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